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METHODS OF AREA MAPPING WITH A MOBILE ROBOT THAT CROSSES AREAS WITHOUT

COMMUNICATIONS NETWORK AVAILABILITY, AND SHARING THE SAME WITH OTHER

MOBILE ROBOTS

(57)  Implementations of the disclosed subject matter
provide a method that includes receiving, at a communi-
cations interface, one or more control signals to control
adrive system of the mobile robot to move within an area.

A surface within the area and/or an object within the area

may be detected using at least one sensor of the mobile
robot. Using a processor communicatively coupled to the
at least one sensor, the area may be mapped in two di-
mensions (2D) or three dimensions (3D) based on the
detecting of at least one of the surface and the object as
the mobile robot moves within the area based on the one
or more received control signals. The method may in-
clude mapping, using the processor and the communi-
cations interface, wireless network communication signal
strength as the mobile robot moves within the area based
on the one or more received control signals.
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control a drive system of the mobile
robot to move within an area
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network communication signal strength,
including portions of the area where no
wireless network communication signal
is available, as the mobile robot moves
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of at least one signal selected from the
group consisting of: a Wi-Fi signal, a
cellular communications signal, and a
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Description
BACKGROUND

[0001] Mobile devices, such as mobile robots, can be
controlled from a remote location by an operator via a
wireless communications link between the mobile robot
and a device of the operator. When the mobile robot en-
ters an area where there is a loss of the wireless com-
munications link, the operator is unable to control the
mobile robot using the device. The loss of the communi-
cations link is typically due to signal interference or dis-
tance.

BRIEF SUMMARY

[0002] Accordingtoanimplementation of the disclosed
subject matter, a method may include receiving, ata com-
munications interface of a mobile robot, one or more con-
trol signals to control a drive system of the mobile robot
to move within an area. A surface within the area and/or
an object within the area may be detected using at least
one sensor of the mobile robot. Using a processor com-
municatively coupled to the at least one sensor, the area
may be mapped in two dimensions (2D) or three dimen-
sions (3D) based on the detecting of at least one of the
surface and the object as the mobile robot moves within
the area based on the one or more received control sig-
nals. The method may include mapping, using the proc-
essor and the communications interface, wireless net-
work communication signal strength, including portions
of the area where no wireless network communication
signal is available, as the mobile robot moves within the
area based on the one or more received control signals.
[0003] Additional features, advantages, and imple-
mentations of the disclosed subject matter may be set
forth or apparent from consideration of the following de-
tailed description, drawings, and claims. Moreover, it is
to be understood that both the foregoing summary and
the following detailed description are illustrative and are
intended to provide further explanation without limiting
the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosed
subject matter, are incorporated in and constitute a part
of this specification. The drawings also illustrate imple-
mentations of the disclosed subject matter and together
with the detailed description serve to explain the princi-
ples of implementations of the disclosed subject matter.
No attempt is made to show structural details in more
detail than may be necessary for a fundamental under-
standing of the disclosed subject matter and various
ways in which it may be practiced.

FIGS. 1-7 shows an example method of mapping a
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wireless network communication signal strength as
a mobile robot moves within the area according to
an implementation of the disclosed subject matter.

FIGS. 8-9 show an example mobile robot according
to animplementation of the disclosed subject matter.

FIG. 10 shows an example of mapping the move-
ment of the mobile robot and the wireless network
communication signal strength using the method of
FIGS. 1-7 according to an implementation of the dis-
closed subject matter.

FIG. 11 shows the connectivity of the mobile robot
with the wireless network as the mobile robot moves
according to an implementation of the disclosed sub-
ject matter.

FIG. 12 shows an example sharing operation be-
tween mobile robots to share the generated map that
includes the wireless network communication signal
strength according to an implementation of the dis-
closed subject matter.

FIGS. 13-21 show examples of the operations of the
mobile robot based onthe operations shown in FIGS.
1-7.

FIG. 22 shows an example configuration of the mo-
bile robot of FIGS. 8-9 according to an implementa-
tion of the disclosed subject matter.

FIG. 23 shows a network configuration which may
include a plurality of mobile robots that may share
generated maps with one another according to im-
plementations of the disclosed subject matter.

DETAILED DESCRIPTION

[0005] Implementations ofthe disclosed subject matter
provide a mobile robot that may generate a two-dimen-
sional (2D) and/or three-dimensional (3D) map of an ar-
ea, which may include wireless network communication
signal strength of a communications network for one or
more portions of the mapped area. The mobile robot may
be configured to receive one or more control signals from
a remote operator via the communications network to
control a drive system of the mobile robot to move within
an area. The mobile robot may be further configured to
operate autonomously when the mobile robot enters a
portion of the area without a connection to the commu-
nications network (i.e., an absence of wireless network
communication signal strength). The mobile robot may
provide a notification to the remote operator when the
mobile robot is being directed into a portion of the area
without the connection to the communications network.
The mobile robot may transmit the generated maps of
the area thatinclude the wireless network communication
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signal strength to one or more other mobile robots, which
may be of the same type or a different type. Areas and/or
buildings that one or more mobile robots may operate in
may have different wireless network communication sig-
nal strengths in different areas, and implementations of
the disclosed subject matter may map the areas and the
network communication signals strengths, which may be
shared amongst mobile robots.

[0006] FIGS. 1-7 shows an example method 10 of
mapping a wireless network communication signal
strength as a mobile robot moves within the area accord-
ing to an implementation of the disclosed subject matter.
[0007] At operation 12 of FIG. 1, a communications
interface (e.g., network interface 116 shown in FIG. 22)
of a mobile robot (e.g., mobile robot 100 shown in FIGS.
8,9, 22, and 23) may receive one or more control signals
to control a drive system (e.g., drive system 108 shown
in FIGS. 8, 9, and 22) of the mobile robot to move within
an area. The communications interface may receive the
control signals via communications network 130 from
server 140, remote platform 160, remote userdevice 170,
and/or remote user device 180. An operator may control
the operations of the mobile robot by providing control
signals from the server 140, remote platform 160, remote
user device 170, and/or remote user device 180 to the
mobile robot 100 via the communications network 130.
[0008] Atoperation 14, a surface and/or an object with-
in the area may be detected using at least one sensor
(e.g., sensor 102a, 102b, 102¢, 102d shown in FIGS. 8,
9, and 22) of the mobile robot. As the mobile robot moves
within the area, the sensors may detect the surfaces
and/or objects within the area. The detected surfaces
and/or objects may be added to a map that is electroni-
cally generated by the process of the mobile robot, as
discussed in detail below.

[0009] At operation 16, a processor (e.g., controller
114 shown in FIG. 22) communicatively coupled to the
at least one sensor may map the area in two dimensions
(2D) or three dimensions (3D) based on the surfaces
and/or the objects detected by the one or more sensors
as the mobile robot moves within the area. The generated
2D or 3D map may be stored, for example, in memory
118 and/or fixed storage 120 shown in FIG. 8, and/or
may be transmitted and stored at server 140, database
150, and/or remote platform 160 shown in FIG. 23.
[0010] At operation 18, the processor (e.g., controller
114 shown in FIG. 22) may map the wireless network
communication signal strength, including portions of the
area where no wireless network communications signal
is available, as the mobile robot moves within the area.
The wireless network signal strength may be mapped for
at least one of a Wi-Fi signal, a cellular communications
signal, aradio frequency signal (e.g,. a BlueToothTM sig-
nal or other ultra high frequency (UHF) signal), or the
like. The processor and/or the communications interface
may determine the signal strength of the wireless network
communication signal as the mobile robot moves within
the area. The determined signal strength at a particular
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portion of the area may be mapped by the processor.
That is, as the mobile robot moves within the area, the
communications interface and/or one or more sensors
may determine the signal strength of the communications
network at the location in which the mobile robot is op-
erating, and may add the signal strength determination
to a map that corresponds to the location of the mobile
robot. The location of the mobile robot may be deter-
mined, for example, by one or more sensors.

[0011] In some implementations, the communications
interface of the mobile robot (e.g., mobile robot 100) may
transmit at least a portion of the mapped area and/or the
mapped wireless communication signal strength to at
least one other mobile robot (e.g., mobile robot 200
and/or mobile robot 250 shown in FIG. 23). For example,
the mobile robot 100 may transmit the mapped area and
the mapped wireless communication signal strength us-
ing network interface 116 to mobile robot 200 and/or mo-
bile robot 250 via communications network 130. In some
implementations, the mobile robot 100 may transmit at
least a portion of the generated map of the area that may
include the wireless communication signal strength to
the server 140, database 150, and/or remote platform
160, and may transmit a notification to the mobile robot
200, 250 via the communications network that the map
may be retrieved from the server 140, database 150,
and/or remote platform 160 by the mobile robot 200, 250
via the communications network 130.

[0012] FIG. 2A may show additional operations of
method 10 according to an implementation of the dis-
closed subject matter. At operation 20, the processor
(e.g., controller 114 shown in FIG. 22) of the mobile robot
may determine whether the mobile robot is moving into
a portion of the area that has a predetermined low signal
strength based on the mapped wireless communication
signal strength and one or more directional movement
signals output from the at least one sensor (e.g., sensor
102, 102b, 102c, 102d) for the movement of the robot.
In some implementations, the mobile robot may deter-
mine whether the mobile robot is moving into a portion
of the area with a predetermined low signal strength
based on the current signal strength as determined by
the communications interface (e.g., network interface
116 shown in FIG. 22).

[0013] At operation 22, the communications interface
of the mobile robot may transmit an alert notification that
the mobile robot is moving into an area with the prede-
termined low signal strength. For example, the mobile
robot may transmit the notification to the server 140, re-
mote platform 160, the remote user device 170, and/or
the remote user device 180 via the communications net-
work 130 as shown in FIG. 23. The notification may
prompt the operator providing control signals to the mo-
bile robot via the communications network 130 from the
server 140, remote platform 160, the remote user device
170, and/or the remote user device 180 to provide control
signals to move the robot to an area with improved signal
strength. In some implementations, the notification may
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provide an estimate of the amount of time before the mo-
bile robot enters a portion of the area without a commu-
nications network signal. The mobile robot may operate
autonomously when a link to the communications net-
work is unavailable (e.g., a wireless communications sig-
nal is unavailable). The processor of the mobile robot
may use a map stored in memory (e.g., memory 118
and/or fixed storage 120 shown in FIG. 22) to control the
drive system 108 to move the mobile robot within the
area.

[0014] For example, FIG. 19 shows the operations of
the mobile robot 100 based on the operations shown in
FIG. 2A. The mobile robot 100 may receive commands
via the wireless communication signal having a prede-
termined high signal strength 402 (e.g., a wireless com-
munication signal strength 402 that may be greater than
a predetermined amount). When the mobile robot travels
along path 338 of the map 300 and reaches the portion
of the area 340 having a predetermined low signal
strength 406 (e.g., a wireless communication signal
strength 406 that may be less than a predetermined
amount), the mobile robot 100 may transmit a notification
that the mobile robot is entering an area with the prede-
termined low signal strength 406 to a computing system
of an operator or pilot of the mobile robot (e.g., remote
platform 160, remote user device 170, and/or remote us-
er device 180 shown in FIG. 23).

[0015] In some implementations, optional additional
operations for method 10 are shown in FIG. 2B which
may be performed after operation 22 of FIG. 2A. As
shown in operation 24 of FIG. 2B, the processor of the
mobile robot may determine an amount of time that the
mobile robot may operate in the area with the predeter-
mined low signal strength based on the mapped wireless
communication signal strengths, and a movement direc-
tion of the mobile robot based on an output of the at least
one sensor. In some implementations, the amount oftime
may be determined by the current speed that the mobile
robot is moving in the area. The current speed may be
determined by the one or more sensors of the mobile
robot. At operation 26, the communications interface of
the mobile robot may transmit the determined amount of
time with the alert notification. For example, the mobile
robot may transmit the determined time amount via the
communications network to the server 140, remote plat-
form 160, remote user device 170, and/or remote user
device 180 to inform the operator of the determined
amount of time before the operator may no longer be
able to control the mobile robot, and the mobile robot
may operate autonomously (e.g., untila communications
link via a wireless communications signal is re-estab-
lished based on the location of the mobile robot).
[0016] In some implementations, the operations
shown in FIG. 2C may be performed after operation 22
shown in FIG. 2A. At operation 28 shown in FIG. 2C, the
processor of the mobile robot may autonomously control
the drive system of the mobile robot to move the mobile
robot to a location with a predetermined operational wire-
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less communication signal strength based on the map-
ping of the wireless network communication signal
strength. At operation 30, the communications interface
of the mobile robot may receive one or more control sig-
nals to control a drive system of the mobile robot to move
within the area when the mobile robot enters the location
having the predetermined wireless operational wireless
communication signal strength. In some implementa-
tions, the mobile robot may transmit a notification to the
server 140, remote platform 160, remote userdevice 170,
and/or remote user device 180 when wireless communi-
cation signal strength is available to the mobile robot,
and the mobile robot may receive control signals via the
communications network 130 from the operator.

[0017] For example, FIG. 16 shows the operations of
the mobile robot 100 based on the operations shown in
FIGS. 2A-2C. The mobile robot 100 may move along
path 336. When the mobile robot 100 reaches the area
having the predetermined low signal strength 406, the
communications interface of the mobile robot 100 may
transmit an alert notification that the mobile robot 100 is
moving into the area with the predetermined low signal
strength 406. The notification may include a warning that
the wireless communication signal connection may be
lost for a determined period of time. The notification may
prompt the operator providing control signals (e.g., via
remote platform 160, remote user device 170, and/or re-
mote user device 180) to the mobile to provide control
signals to move the robot to an area with improved signal
strength (e.g., an area having the predetermined high
signal strength 402). The mobile robot 100 may operate
autonomously when the wireless communications signal
is unavailable at 410. Thatis, the processor of the mobile
robot 100 may use the map 300 stored in memory to
control the drive system to move the mobile robot 100
within the area to the portion having the predetermined
low signal strength 406 or the predetermined high signal
strength 402. When the mobile robot 100 enters an area
with a predetermined low wireless communication signal
strength 406 or a predetermined high wireless commu-
nication signal strength 402, the mobile robot 100 may
receive commands via the wireless communications sig-
nal from an operator at remote platform 160, remote user
device 170, and/or remote user device 180.

[0018] In some implementations, optional operations
for method 10 are shown in FIGS. 3A-3B. At operation
32, the communications interface (e.g., network interface
116 shown in FIG. 22) of the mobile robot 100 may lose
the wireless network communication signal when receiv-
ing the one or more control signals to control a drive sys-
tem of the mobile robot to move within the area. For ex-
ample, one or more objects and/or other signals may
interrupt the path of the wireless network communica-
tions signal. In another example, a wireless network ac-
cess point which may provide the wireless network com-
munication signal may no longer be operating normally,
which may cause the loss of the wireless network com-
munication signal.
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[0019] At operation 34 the processor (e.g., controller
114 shown in FIG. 22) of the mobile robot may control
the drive system (e.g., drive system 108 shown in FIG.
22) to move the mobile robot to a previous location. The
previous location may have a predetermined operational
wireless communication signal strength based on the
mapping of the wireless network communication signal
strength.

[0020] At operation 36, the communications interface
of the mobile robot may receive the one or more control
signals to control the drive system of the mobile robot to
move within the area when the mobile robot enters the
previous location.

[0021] For example, FIG. 13 shows the operations of
the mobile robot 100 based on the operations shown in
FIG. 3A. A map 300 may include the wireless network
communication signal strength. That is, the mobile robot
100 may move from a portion of the area having wireless
communication signal strength 402 that may be greater
than a predetermined amount (i.e., signal strength 402
may indicate a connection with high wireless signal
strength), to a portion of the area having a wireless com-
munication signal strength 406 that is less than the pre-
determined amount (i.e., signal strength 406 may indi-
cate a connection with a reduced wireless signal
strength), and to a portion of the area when there is no
wireless communications signal available, as indicated
by no wireless communications signal 410. When the
portion of the area having no wireless communications
signal 410 is reached, the mobile robot 100 may auton-
omously move along path 310 to move to a previous lo-
cation having wireless communication signal strength
406 or 410, and the mobile robot 100 may receive control
signals to control the movement of the mobile robot 100.
[0022] Optional operations of method 10 according to
an implementation of the disclosed subject matter may
be shown in FIG. 3B. At operation 38, the communica-
tions interface (e.g., network interface 116 shown in FIG.
22) of the mobile robot 100 may receive a destination on
the map when the mobile robot autonomously controls
the drive system to return to the previous location with
the predetermined operational wireless communication
signal strength. The destination may be received from
an operator and/or pilot of the mobile robot. In some im-
plementations, the destination may be received from
server 140, remote platform 160, remote userdevice 170,
and/or remote user device 180 shown in FIG. 23 via the
communications network 130. At operation 40, the proc-
essor (e.g., controller 114 shown in FIG. 22) of the mobile
robot may autonomously control the drive system (e.g.,
drive system 108 shown in FIG. 22) of the mobile robot
to move the mobile robot to the received destination.
[0023] Insomeimplementations, the received destina-
tion may be located in or along a route of the mobile robot
that may have no wireless network communication sig-
nal, as shown in operation 42 of FIG. 3B.

[0024] In some implementations, the communications
interface of the mobile robot may receive the one or more
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control signals to control the drive system of the mobile
robot to move within the area when the mobile robot en-
ters a portion of the area having the predetermined op-
erational wireless communication signal strength at op-
eration 44.

[0025] For example, FIG. 17 shows the operations of
the mobile robot 100 based on FIG. 3B. The mobile robot
100 moves along path 318, and the communications sig-
nal may be interrupted, or there may be no wireless com-
munication signal available along the route 318. The mo-
bile robot 100 may autonomously control the drive sys-
tem to return to the previous location 320 with the pre-
determined operational wireless communication signal
strength 402. When the wireless communication signal
is available, the mobile robot 100 may receive a destina-
tion 322 on map 300 from server 140, remote platform
160, remote user device 170, and/or remote user device
180 shown in FIG. 23 via the communications network
130. The processor (e.g., controller 114 shown in FIG.
22) of the mobile robot 100 may autonomously control
the drive system (e.g., drive system 108 shown in FIG.
22) of the mobile robot 100 to move the mobile robot 100
to the received destination 322.

[0026] As shown in FIG. 17, the received destination
may be located in or a route of the mobile robot 100 may
go through a portion of the area (e.g., portion 324) with
no wireless network communication signal. The mobile
robot 100 may autonomously operate to move through
the area with no wireless communications signal. The
communications interface of the mobile robot may re-
ceive the one or more control signals to control the drive
system of the mobile robot 100 to move within the area
when the mobile robot 100 enters a portion of the area
having the predetermined operational wireless commu-
nication signal strength (e.g., a wireless communication
signal having low signal strength 406 or high signal
strength 402).

[0027] In some implementations, optional operations
for method 10 are shown in FIG. 4. The communications
interface (e.g., network interface 116 shown in FIG. 22)
may receive the one or more control signals to control
the drive system (e.g., drive system 108 shown in FIG.
22) of the mobile robot to move within a portion of the
area where no wireless network communication signal
is available at operation 46. The one or more control sig-
nals may be received via the communications network
130 from server 140 remote platform 160, remote user
device 170, and/or remote user device 180 shown in FIG.
23. At operation 48, the processor (e.g., controller 114
shown in FIG. 22) of the mobile robot may autonomously
control the drive system of the mobile robot to move the
mobile robot to cross the portion of the area with no wire-
less network communication signal available. At opera-
tion 50, when the mobile robot fails to cross the portion
of the area the processor autonomously controlling at the
processor, the drive system of the mobile robot to move
the mobile robot to a previous location with predeter-
mined operational wireless communication signal
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strength based on the mapping of the wireless network
communication signal strength. For example, the mobile
robot may fail to cross the portion of the area within a
predetermined period of time (e.g., one minute, 5 min-
utes, ten minutes, or the like). In another example, the
mobile robot may fail to cross the portion of the area
based on a path being blocked (e.g., by humans, other
robots, objects, closed doors, or the like). In yet another
example, the mobile robot may fail to cross the portion
ofthe area as the wireless network communication signal
may be blocked and/or unavailable.

[0028] For example, FIG. 14 shows the operations of
the mobile robot 100 based on FIG. 4. The mobile robot
100 may travel along path 312 shown in map 300, which
includes the wireless network communication signal
strength. The mobile robot 100 may receive control sig-
nals which may direct the mobile robot along path 312
from a portion of the area having wireless communication
signal strength 402 that may be greater than a predeter-
mined amount (i.e., signal strength 402 may indicate a
connection with high wireless signal strength) to a portion
of the area having a wireless communication signal
strength 406 that is less than the predetermined amount
(i.e., signal strength 406 may indicate a connection with
a reduced wireless signal strength), and to a portion of
the area when there is no wireless communications sig-
nal available, as indicated by no wireless communica-
tions signal 410. The processor may autonomously con-
trol the movement of the mobile robot 100 to cross the
portion of the area with no wireless communications net-
work signal strength 410. When the mobile robot 100 fails
to cross the portion of the area with no communications
network signal, the mobile robot may move to a previous
location having a wireless communication signal strength
406 that is less than the predetermined amount and/or
the portion of the area having wireless communication
signal strength 402 that may be greater than a predeter-
mined amount based on the map of the signal strength.
[0029] In some implementations, optional operations
for method 10 are shown in FIG. 5. At operation 52, the
communications interface may transmit at least a portion
of the mapped wireless communication signal strength
to a computing system that provides the one or more
control signals (e.g., server 140, remote platform 160,
remote user device 170, and/or remote user device 180
shown in FIG. 23), a computing system of an adminis-
trator (e.g., server 140 and/or remote platform 160), at
least one other mobile robot (e.g., mobile robot 200, 250),
and/or to a server (e.g., server 140) that transmits the
mapped wireless communication signal strength to the
at least one other mobile robot (mobile robot 200, 250
shown in FIG. 23). In some implementations, as shown
in operation 52, the mapped wireless communication sig-
nal strength may include portions of the area where no
wireless network communication signal is available.
[0030] For example, FIG. 15 shows the operations of
the mobile robot 100 based on FIG. 5. The mobile robot
may receive commands (e.g., from an operator or pilot
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using server 140, remote platform 160, remote user de-
vice 170, and/or remote user device 180 shown in FIG.
23) to move along path 314. The communications inter-
face of the mobile robot 100 may transmit at least a por-
tion of the map of the wireless communication signal
strength to a computing system that provides the one or
more control signals (e.g., server 140, remote platform
160, remote user device 170, and/or remote user device
180 shown in FIG. 23). That is, the operator and/or pilot
of the mobile robot 100 may view the coverage of the
wireless communication signal while controlling the
movement of the mobile robot 100. In some implemen-
tations, the computing system of an administrator (e.g.,
server 140 and/or remote platform 160) may receive a
notification which may allow access to the map of the
wireless communication signal strength, and/or identify
portions of the area with no wireless communication sig-
nal strength. The map of the wireless communication sig-
nal strength may be transmitted by the mobile robot 100
to at least one other mobile robot (e.g., mobile robot 200,
250). In some implementations, the mobile robot 100 may
transmit the map of the wireless communication signal
strength to a server (e.g., server 140 and/or remote plat-
form 160), and the server may transmit the mapped wire-
less communication signal strength to the at least one
other mobile robot.

[0031] In another example, FIG. 20 shows the opera-
tions of the mobile robot 100 based on FIGS. 1 and 5.
The mobile robot 100 may move along path 342 and may
map the signal strength of the wireless communications
signal in atleast a portion of the area (e.g., generate map
300). The map 300 may include portions with the wireless
communication signal having a predetermined high sig-
nal strength 402, portions having a predetermined low
signal strength 406, and/or portions with no wireless com-
munications signal 410. The map 300 may be transmitted
to a computing system that provides the one or more
control signals (e.g., a system of an operator and/or pilot
ofthe mobile robot, which may include server 140, remote
platform 160, remote user device 170, and/or remote us-
er device 180 shown in FIG. 23). The mobile robot 100
may transmit a notification to the computing system of
an administrator (e.g., server 140 and/or remote platform
160) which may allow access to the map of the wireless
communication signal strength, and/or identify portions
of the area with no wireless communication signal
strength. The map of the wireless communication signal
strength may be transmitted by the mobile robot 100 to
at least one other mobile robot (e.g., mobile robot 200,
250).

[0032] In some implementations, optional operations
for method 10 are shown in FIG. 6. At operation 56, the
processor (e.g., controller 114 shown in FIG. 22) may
determine whether the mobile robot is moving into a por-
tion of the area with a predetermined low signal strength
based on the mapped wireless communication signal
strength, one or more directional movement signals out-
put from the at least one sensor for the movement of the
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robot, and the received one or more control signals. At
operation 58, the processor may control the drive system
of the mobile robot to prevent the mobile robot from mov-
ing into a portion of the area where no wireless network
communication signal is available based on the mapped
wireless network communication signal strength.
[0033] For example, FIG. 18 shows the operations of
the mobile robot 100 based on FIG. 6. The mobile robot
100 may receive commands (e.g., from an operator or
pilot using server 140, remote platform 160, remote user
device 170, and/or remote user device 180 shownin FIG.
23) to move along path 316. The processor of the mobile
robot 100 may determine whether the mobile robot is
moving into a portion of the area with a predetermined
low signal strength (e.g., a wireless communication sig-
nal strength 406 that is less than the predetermined
amount) based on the mapped wireless communication
signal strength, one or more directional movement sig-
nals output from the at least one sensor (e.g., sensor
102a, 102b, 102¢, 102d shown in FIG. 22) for the move-
ment of the robot, and the received one or more control
signals. The processor of the mobile robot 100 may con-
trol the drive system of the mobile robot along path 316
to prevent the mobile robot from moving into a portion of
the area where no wireless network communication sig-
nal is available (e.g., no wireless communications signal
strength 410).

[0034] In some implementations, optional operations
for method 10 are shown in FIG. 7. At operation 60, the
processor (e.g., controller 114 shown in FIG. 22) may
determine whether the mobile robot is moving into a por-
tion of the area where no wireless network communica-
tion signal is available based on the mapped wireless
communication signal strength, the wireless network sig-
nal strength determined by the communications inter-
face, and/or one or more directional movement signals
output from the at least one sensor (e.g., sensor 102a,
102b, 102c, 102d shown in FIG. 22) for the movement
of the mobile robot. At operation 62, the communications
interface (e.g., network interface 116 shown in FIG. 22)
may switch from the wireless communication signal to a
cellular network communications signal before entering
the portion of the area where no wireless communication
signal is available. At operation 64, the communications
interface may receive the one or more control signals to
control the drive system of the mobile robot via the cellular
communications signal.

[0035] At operation 66, the communications interface
may switch from the cellular network communications
signal to the wireless communication signal when enter-
ing a portion of the area with a predetermined low signal
strength of wireless communication signal and receiving
the one or more control signals. At operation 68, the com-
munications interface may receive the one or more con-
trol signals to control the drive system of the mobile robot
having a predetermined high signal strength.

[0036] For example, FIG. 21 shows the operations of
the mobile robot 100 based on the operations shown in
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FIG. 7. The processor may determine whether the mobile
robot 100 moving along path 326 toward area 326 with
a predetermined low signal strength (e.g., a wireless
communication signal strength 406 that is less than the
predetermined amount). The mobile robot 100 may con-
tinue to move along path 326 towards area 330 where
no wireless network communication signal 410 is avail-
able. Before entering area 330, the mobile robot 100 may
switch from the wireless communication signal to a cel-
lular network communications signal 420. The commu-
nications interface of the mobile robot may receive the
one or more control signals to control the drive system
of the mobile robot via the cellular communications sig-
nal. The communications interface may switch from the
cellular network communications signal 420 to the wire-
less communication signal when entering area 332 with
a predetermined low signal strength of wireless commu-
nication signal 406, and may receive the one or more
control signals via the wireless communication signal.
The mobile robot may continue along path 326 to area
334, where the communications interface of the mobile
robot 100 may receive the control signals via a wireless
communications signal having a predetermined high sig-
nal strength 402.

[0037] Implementations FIGS. 8-9 show an example
mobile robot 100 according to an implementation of the
disclosed subject matter. The mobile robot 100 may have
a plurality of sensors. Sensor 102a may be a time-of-
flight sensor. Sensor 102b may be an RGB (a Red,
Green, Blue image sensor) camera and/or image sensor,
and sensor 102c may be an RGB-D (an RGB depth cam-
era). In some implementations, sensor 102b, 102c may
be a stereo vision sensor, 3D camera, an image sensor,
thermal camera, a structured light camera, or the like.
Sensor 102d may be a two-dimensional (2D) Light De-
tection and Ranging (LIDAR) sensor, a three-dimension-
al (3D) LiDAR sensor, and/or aradar (radio detection and
ranging) sensor, ultrasonic sensor, or the like. The sen-
sors 102a, 102b, and/or 102¢c may be used to control the
movement of the mobile robot, and/or detect surfaces
and/or objects that may be mapped by the processor of
the mobile robot.

[0038] The mobile robot 100 may include at least one
microphone 103. In some implementations, the mobile
robot 100 may have a plurality of microphones 103 ar-
ranged in an array.

[0039] The mobile robot 100 may include an light emit-
ting diode (LED), organic light emitting diode (OLED),
lamp, and/or any suitable light source that may be con-
trolled by the controller (e.g., controller 114 shownin FIG.
22) to illuminate a portion of the area for navigation of
the mobile robot.

[0040] The mobile robot 100 may include a motor to
drive the drive system 108 to move the mobile robot in
an area, such as a room, a building, or the like. The drive
system 108 may include wheels, which may be adjusta-
ble so that the drive system 108 may control the direction
of the mobile robot 100.
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[0041] The mobile robot 100 may include one or more
speakers 107. In some implementations, such as shown
in FIG. 9, speakers 107 may be disposed on first and
second sides (e.g., left and right sides) of a display of a
user interface 110. The user interface 110 may be an
LCD (liquid Crystal Display), an LED display, an OLED
display, or the like to display images, such as those re-
ceived from the server 140, remote platform 160, remote
user device 170, and/or remote user device 180. The
display of the user interface 110 may be a touch screen.
[0042] FIG. 10 shows an example of mapping the
movement of the mobile robot and the wireless network
communication signal strength using the method of
FIGS. 1-2C according to an implementation of the dis-
closed subject matter. As shown in FIG. 10, the mobile
robot 100 may generate a map 300 of the area based on
the method 10 described above in connection with FIGS.
1-2C. Although a 2D map is shown in FIG. 10, the mobile
robot may generate a 3D map of the area.

[0043] The map 300 may detail the movement of the
mobile robot. For example, point 302 of map 300 may be
a starting point of the mobile robot 100, which may move
along path 304. Point 306 may show the current position
and/or directional orientation of the mobile robot 100. The
map 300 may detail objects and/or surfaces in the area
that are detected by the one ormore sensors of the mobile
robot.

[0044] FIG. 11 shows the connectivity of the mobile
robot with the communications network as the mobile
robot moves in the area based on the method 10 de-
scribed above in connection with FIGS. 1-2C according
to an implementation of the disclosed subject matter. At
position 400, the mobile robot 100 may move within the
area, where the wireless communication signal strength
402 may be greater than a predetermined amount (i.e.,
signal strength 402 may indicate a connection with a high
wireless signal strength). For example, the mobile robot
may receive one or more control signals to control the
drive system from an operator, who may provide the con-
trol signals from server 140, remote platform 160, remote
user device 170, and/or remote user device 180. At po-
sition 404, the mobile robot may receive control signals
to enter an area having a wireless communication signal
strength 406 that is less than the predetermined amount
(i.e., signal strength 406 may indicate a connection with
a reduced wireless signal strength). Based on a map
stored in memory (e.g., map 300 of FIG. 10 stored in
memory 118 and/or fixed storage 120 shown in FIG. 22),
the processor of the mobile robot may determine that the
operator may be directing the mobile robot into a portion
of the area with no wireless communication signal. The
mobile robot may transmit a notification to the operator
(e.g., server 140, remote platform 160, remote user de-
vice 170, and/or remote user device 180) while a wireless
communications signal is available that the connection
may be lost for a determined period of time (e.g., several
seconds, a minute, several minutes, or the like).

[0045] At position 408, the mobile robot may operate
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autonomously based on a predetermined path that is
stored with a map in memory (e.g., memory 118 and/or
fixed storage 120 shown in FIG. 22) when there is no
wireless communications signal available, as indicated
by no wireless communications signal 410. For example,
the processor may retrieve at least a portion of the map
from memory, and may control the drive system 108 to
move the mobile robot along the path when there is no
wireless communication signal available. At position 412,
the mobile robot may move to a portion of the area with
a reduced signal strength 414 (e.g., similar to signal
strength 406 described above) and may arrive ata portion
of the area with an increased signal strength 416 (e.g.,
similar to signal strength 402 described above). The op-
erator may regain control of the mobile robot, and thus
the autonomous operating mode may be discontinued.

[0046] FIG. 12 shows an example sharing operation
between mobile robots to share the generated map that
includes the wireless network communication signal
strength according to an implementation of the disclosed
subject matter. As shown in FIG. 12, mobile robot 100
may transmit via a communications link (e.g., network
130 shown in FIG. 23) a copy of the map 300 of the area
that includes wireless network communication signal
strength at different points on the map to mobile robot
200 and/or mobile robot 250. Mobile robot 200 may be
similar to mobile robot 100. Mobile robot 250 may be a
different type of mobile robot from mobile robot 100. For
example, mobile robot 250 may include an ultravioletlight
source that may be used to disinfect the area. By receiv-
ing the map, the mobile robot 250 may disinfect the area,
and may operate autonomously in portions of the area
that do not have connectivity to the communications net-
work.

[0047] FIG. 22 shows example components of the mo-
bile robot 100 suitable for providing the implementations
of the disclosed subject matter. The mobile robot 100
may include a bus 122 which interconnects major com-
ponents of the mobile robot100, such as the drive system
108, a network interface 116 operable to communicate
with one or more remote devices via a suitable network
connection, the controller 114, a memory 118 such as
Random Access Memory (RAM), Read Only Memory
(ROM), flash RAM, or the like, an input device 113 which
may be any device to receive commands from a person,
the LED light source 104, sensor 102a, sensor 102b,
sensor 102c, sensor 102d, a user interface 110 that may
include one or more controllers, a display and associated
userinputdevices such as atouch screen, afixed storage
120 such as a hard drive, flash storage, and the like, a
microphone 103, and a speaker 107 to output an audio
notification and/or other information.

[0048] The bus 122 allows data communication be-
tween the controller 114 and one or more memory com-
ponents, which may include RAM, ROM, and other mem-
ory, as previously noted. Typically, RAM is the main
memory into which an operating system and application
programs are loaded. A ROM or flash memory compo-
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nent can contain, among other code, the Basic Input-
Output system (BIOS) which controls basic hardware op-
eration such as the interaction with peripheral compo-
nents. Applications resident with the mobile robot 100
are generally stored on and accessed via a computer
readable medium (e.g., fixed storage 120), such as a
solid-state drive, hard disk drive, an optical drive, solid
state drive, or other storage medium.

[0049] The network interface 116 may provide a direct
connection to aremote server (e.g., server 140, database
150, remote platform 160, and/or remote user device 170
shown in FIG. 23) via a wired or wireless connection (e.g.,
network 130 shown in FIG. 23). The network interface
116 may provide such connection using any suitable
technique and protocol as will be readily understood by
one of skill in the art, including digital cellular telephone,
WiFi, Bluetooth(R), near-field, and the like. For example,
the network interface 116 may allow the mobile robot 100
to communicate with other computers via one or more
local, wide-area, or other communication networks, as
described in further detail below. The mobile robot may
transmit data via the network interface to the remote user
device, including data and/or images from the sensors,
audio signal generated from sound captured by the mi-
crophone, and the like.

[0050] Many otherdevices or components (not shown)
may be connected in a similar manner. Conversely, all
of the components shown in FIG. 22 need not be present
to practice the present disclosure. The components can
be interconnected in different ways from that shown.
Code to implement the present disclosure can be stored
in computer-readable storage media such as one or more
of the memory 118, fixed storage 120, or on a remote
storage location.

[0051] FIG. 23 shows an example network arrange-
ment according to an implementation of the disclosed
subject matter. The mobile robot 100 described above,
and/or a similar mobile robot 200, may connect to other
devices via network 130. The network 130 may be alocal
network, wide-area network, the Internet, or any other
suitable communication network or networks, and may
be implemented on any suitable platform including wired
and/or wireless networks. The mobile robot 100 and/or
mobile robot 200, 250 may communicate with one an-
other, and/or may communicate with one or more remote
devices, such as server 140, database 150, remote plat-
form 160, remote user device 170, and/or remote user
device 180. The remote user device 170, 180 may be
devices used by a user to control the operation of the
mobile robot 100, 200. The remote devices may directly
access and/or be accessible to the mobile robot 100, 200
or one or more other devices may provide intermediary
access, such as where a server 140 provides access to
resources stored in a database 150. The mobile robot
100,200, 250 may access and/or be accessible toremote
platform 160 or services provided by remote platform 160
such as cloud computing arrangements and services.
The remote platform 160 may include one or more serv-
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ers 140 and/or databases 150. The remote user device
170, 180 may control the mobile robot 100, 200 and/or
receive sensor data, one or more images, audio signals
and the like via the network 130. The remote user device
170, 180 may transmit one or more images, video, com-
mands, audio signals, and the like to the mobile robot
100, 200, 250.

[0052] More generally, various implementations of the
presently disclosed subject matter may include or be em-
bodied in the form of computer-implemented processes
and apparatuses for practicing those processes. Imple-
mentations also may be embodied in the form of a com-
puter program product having computer program code
containing instructions embodied in non-transitory and/or
tangible media, such as solid state drives, DVDs, CD-
ROMs, hard drives, USB (universal serial bus) drives, or
any other machine readable storage medium, such that
when the computer program code is loaded into and ex-
ecuted by a computer, the computer becomes an appa-
ratus for practicing implementations of the disclosed sub-
ject matter. Implementations also may be embodied in
the form of computer program code, for example, wheth-
er stored in a storage medium, loaded into and/or exe-
cuted by a computer, or transmitted over some transmis-
sion medium, such as over electrical wiring or cabling,
through fiber optics, or via electromagnetic radiation,
such that when the computer program code is loaded
into and executed by a computer, the computer becomes
an apparatus for practicing implementations of the dis-
closed subject matter. When implemented on a general-
purpose microprocessor, the computer program code
segments configure the microprocessor to create specif-
ic logic circuits.

[0053] Insome configurations, a set of computer-read-
able instructions stored on a computer-readable storage
medium may be implemented by a general-purpose proc-
essor, which may transform the general-purpose proc-
essor or a device containing the general-purpose proc-
essor into a special-purpose device configured to imple-
ment or carry out the instructions. Implementations may
include using hardware that has a processor, such as a
general purpose microprocessor and/or an Application
Specific Integrated Circuit (ASIC) that embodies all or
part of the techniques according to implementations of
the disclosed subject matter in hardware and/or firmware.
The processor may be coupled to memory, such as RAM,
ROM, flash memory, a hard disk or any other device ca-
pable of storing electronic information. The memory may
store instructions adapted to be executed by the proces-
sor to perform the techniques according to implementa-
tions of the disclosed subject matter.

[0054] The foregoing description, for purpose of expla-
nation, has been described with reference to specific im-
plementations. However, the illustrative discussions
above are not intended to be exhaustive or to limit im-
plementations of the disclosed subject matter to the pre-
cise forms disclosed. Many modifications and variations
are possible in view of the above teachings. The imple-
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mentations were chosen and described in order to ex-
plain the principles of implementations of the disclosed
subject matter and their practical applications, to thereby
enable others skilled in the art to utilize those implemen-
tations as well as various implementations with various
modifications as may be suited to the particular use con-
templated.

Claims
1. A method comprising:

receiving, ata communications interface, one or
more control signals to control a drive system of
the mobile robot to move within an area;
detecting, using atleastone sensor of the mobile
robot, at least one from the group consisting of:
a surface within the area, and an object within
the area;

mapping, using a processor communicatively
coupled to the at least one sensor, the area in
two dimensions (2D) or three dimensions (3D)
based on the detecting of at least one of the
surface and the object as the mobile robot
moves within the area based on the one or more
received control signals; and

mapping, using the processor and the commu-
nications interface, wireless network communi-
cation signal strength, including portions of the
area where no wireless network communication
signal is available, as the mobile robot moves
within the area based on the one or more re-
ceived control signals, wherein the wireless net-
work signal strength is of at least one signal se-
lected from the group consisting of: a Wi-Fi sig-
nal, a cellular communications signal, and a ra-
dio frequency signal.

2. The method of claim 1, further comprising:
transmitting, at the communications interface, at
least a portion of the mapped area and the mapped
wireless communication signal strength to at least
one other mobile robot.

3. The method of claim 1, further comprising:

determining, at the processor, whether the mo-
bile robot is moving into a portion of the area
with a predetermined low signal strength based
on the mapped wireless communication signal
strength and one or more directional movement
signals output from the at least one sensor for
the movement of the robot; and

transmitting, at the communication interface, an
alert notification that the mobile robot is moving
into an area with the predetermined low signal
strength.
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4. The method of claim 3, further comprising:

determining, atthe processor, an amountoftime
that the mobile robot will operate in the area with
the predetermined low signal strength based on
the mapped wireless communication signal
strength and a movement direction of the mobile
robot based on an output of the at least one sen-
sor; and

transmitting, at the communications interface,
the determined amount of time with the alert no-
tification.

The method of claim 3, further comprising:
autonomously controlling, at the processor, the drive
system of the mobile robot to move the mobile robot
to a location with a predetermined operational wire-
less communication signal strength based on the
mapping of the wireless network communication sig-
nal strength.

The method of claim 5, further comprising:
receiving, at the communications interface, the one
or more control signals to control a drive system of
the mobile robot to move within the area when the
mobile robot enters the location having the prede-
termined wireless operational wireless communica-
tion signal strength.

The method of claim 1, further comprising:

losing, at the communications interface, the
wireless network communication signal when
receiving the one or more control signals to con-
trol a drive system of the mobile robot to move
within the area;

autonomously controlling, at the processor, the
drive system of the mobile robot to move the
mobile robot to a previous location with a pre-
determined operational wireless communica-
tion signal strength based on the mapping of the
wireless network communication signal
strength; and

receiving, at the communications interface, the one
or more control signals to control the drive system
of the mobile robot to move within the area when the
mobile robot enters the previous location.

The method of claim 7, further comprising:

receiving, at the communications interface, a
destination on the map when the mobile robot
autonomously controls the drive system to re-
turn to the previous location with the predeter-
mined operational wireless communication sig-
nal strength; and

autonomously controlling, at the processor, the
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drive system of the mobile robot to move the
mobile robot to the received destination.

The method of claim 8, wherein the received desti-
nation is located in a portion of the area with no wire-
less network communication signal.

The method of claim 9, further comprising:
receiving, at the communications interface, the one
or more control signals to control the drive system
of the mobile robot to move within the area when the
mobile robot enters a portion of the area having the
predetermined operational wireless communication
signal strength.

The method of claim 1, further comprising:

receiving, at a communications interface, the
one or more control signals to control a drive
system of the mobile robot to move within a por-
tion of the area where no wireless network com-
munication signal is available; and
autonomously controlling, at the processor, the
drive system of the mobile robot to move the
mobile robot to cross the portion of the area with
no wireless network communication signal is
available;

when the mobile robot fails to cross the portion
of the area, autonomously controlling at the
processor, the drive system of the mobile robot
to move the mobile robot to a previous location
with predetermined operational wireless com-
munication signal strength based on the map-
ping of the wireless network communication sig-
nal strength.

The method of claim 1, further comprising:
transmitting, at the communications interface, at
least a portion of the mapped wireless communica-
tion signal strength to at least one selected from the
group consisting of: a computing system that pro-
vides the one or more control signals; a computing
system of an administrator; at least one other mobile
robot; and to aserver thattransmits the mapped wire-
less communication signal strength to the at least
one other mobile robot.

The method of claim 12, wherein the mapped wire-
less communication signal strength includes por-
tions of the area where no wireless network commu-
nication signal is available.

The method of claim 1, further comprising:

determining, at the processor, whether the mo-
bile robot is moving into a portion of the area
with a predetermined low signal strength based
on the mapped wireless communication signal
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strength, one or more directional movement sig-
nals output from the at least one sensor for the
movement of the robot, and the received one or
more control signals; and

controlling, at the processor, the drive system
of the mobile robot to prevent the mobile robot
from moving into a portion of the area where no
wireless network communication signal is avail-
able based on the mapped wireless network
communication signal strength.

15. The method of claim 1, further comprising:

determining, at the processor, whether the mo-
bile robot is moving into a portion of the area
where no wireless network communication sig-
nal is available based on at least one selected
from the group consisting of: the mapped wire-
less communication signal strength, the wire-
less network signal strength determined by the
communications interface, and one or more di-
rectional movement signals output from the at
least one sensor for the movement of the robot;
switching, atthe communications interface, from
the wireless communication signal to a cellular
network communications signal before entering
the portion of the area where no wireless com-
munication signal is available;

receiving, at the communications interface, the
one or more control signals to control the drive
system of the mobile robot via the cellular com-
munications signal;

switching, atthe communications interface, from
the cellular network communications signal to
the wireless communication signal when enter-
ing a portion of the area with a predetermined
low signal strength of wireless communication
signal and receiving the one or more control sig-
nals; and

receiving, at the communications interface, the
one or more control signals to control the drive
system of the mobile robot having a predeter-
mined high signal strength.
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FIG. 1

Receiving, at a communications
interface, one or more control signals to
control a drive system of the mobile
robot to move within an area

Y

Detecting, using at least one sensor of the
mobile robot, at least one of a surface
within the area, and/or an object within the
area

l

Mapping, using a processor
communicatively coupled to the at least
one sensor, the area in two dimensions
(2D) or three dimensions (3D) based on

the detecting of at least one of the
surface and the object as the mobile
robot moves within the area based on

the one or more received control signals

Mapping, using the processor and the
communications interface, wireless
network communication signal strength,
including portions of the area where no
wireless network communication signal
is available, as the mobile robot moves
within the area based on the one or
more received control signals , wherein
the wireless network signal strength is
of at least one signal selected from the
group consisting of: a Wi-Fi signal, a
cellular communications signal, and a
radio frequency signal
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FIG. 2A

Determining, at the processor, whether
the mobile robot is moving into a
portion of the area with a
predetermined low signal strength
based on the mapped wireless
communication signal strength and one
or more directional movement signals
output from the at least one sensor for
the movement of the robot

l

Transmitting, at the communication
interface, an alert notification that the

|, mobile robot is moving into an area

with the predetermined low signal
strength

\

To:A,B
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FIG. 2B

Determining, at the processor, an
amount of time that the mobile robot
will operate in the area with the
predetermined low signal strength
based on the mapped wireless
communication signal strength and a
movement direction of the mobile
robot based on an output of the at least
one sensor

'

Transmitting, at the communications
|, interface, the determined amount of
time with the alert notification

14
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FIG. 2C

Autonomously controlling, at the
processor, the drive system of the
mobile robot to move the mobile robot
to a location with a predetermined
operational wireless communication
signal strength based on the mapping of
the wireless network communication
signal strength

'

Receiving, at the communications
interface, the one or more control
signals to control a drive system of the
30 | mobile robot to move within the area

[ when the mobile robot enters the
location having the predetermined
wireless operational wireless
communication signal strength

28
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FIG. 3A

32

Losing, at the communications
interface, the wireless network
communication signal when receiving
the one or more control signals to
control a drive system of the mobile
robot to move within the area

34

Autonomously controlling, at the
processor, the drive system of the
mobile robot to move the mobile robot
to a previous location with a
predetermined operational wireless
communication signal strength based
on the mapping of the wireless network
communication signal strength

'

36

Receiving, at the communications
interface, the one or more control
signals to control the drive system of
the mobile robot to move within the
area when the mobile robot enters the
previous location

16
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FIG. 3B

Receiving, at the communications
interface, a destination on the map
when the mobile robot autonomously
controls the drive system to return to
the previous location with the
predetermined operational wireless

communication signal strength

|

Autonomously controlling, at the
processor, the drive system of the
mobile robot to move the mobile robot
to the received destination

The received destination is located in a
portion of the area with no wireless

network communication signal

'

Receiving, at the communications

|, interface, the one or more control

7 signals to control the drive system of

the mobile robot to move within the

area when the mobile robot enters a
portion of the area having the

predetermined operational wireless
communication signal strength.
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FIG. 4

Receiving, at a communications
interface, the one or more control
signals to control a drive system of the
mobile robot to move within a portion
of the area where no wireless network
communication signal is available

Autonomously controlling, at the
processor, the drive system of the
mobile robot to move the mobile robot
to cross the portion of the area with no
wireless network communication signal
is available

:

When the mobile robot fails to cross the
portion of the area, autonomously
controlling at the processor, the drive
system of the mobile robot to move the
mobile robot to a previous location with
predetermined operational wireless
communication signal strength based
on the mapping of the wireless network
communication signal strength
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FIG. 5

4

Transmitting, at the communications
interface, at least a portion of the mapped
wireless communication signal strength to

at least one selected from the group

consisting of: a computing system that
provides the one or more control signals; a
computing system of an administrator; at

least one other mobile robot; and to a
server that transmits the mapped wireless

communication signal strength to the at
least one other mobile robot

!

The mapped wireless communication signal
strength includes portions of the area
where no wireless network communication
signal is available
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FIG. 6

Determining, at the processor, whether
the mobile robot is moving into a
portion of the area with a
predetermined low signal strength
based on the mapped wireless
communication signal strength, one or
more directional movement signals
output from the at least one sensor for
the movement of the robot, and the
received one or more control signals

!

Controlling, at the processor, the drive
system of the mobile robot to prevent
the mobile robot from moving into a
portion of the area where no wireless
network communication signal is
available based on the mapped wireless
network communication signal strength

20
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Determining, at the processor, whether the
mobile robot is moving into a portion of the
area where no wireless network
communication signal is available based on at
least one selected from the group consisting
of: the mapped wireless communication
signal strength, the wireless network signal
strength determined by the communications
interface and one or more directional
movement signals output from the at least
one sensor for the movement of the robot

!

i Switching, at the communications interface,
from the wireless communication signal to a
cellular network communications signal
before entering the portion of the area where
no wireless communication signal is available

v

Receiving, at the communications interface,
the one or more control signals to control the
drive system of the mobile robot via the

é cellular communications signal

v

Switching, at the communications interface,
from the cellular network communications
signal to the wireless communication signal
when entering a portion of the area with a
predetermined low signal strength of wireless
' communication signal and receiving the one
or more control signals

Y

p Receiving, at the communications interface,
the one or more control signals to control the
drive system of the mobile robot having a
predetermined high signal strength
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FIG. 8
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FIG. 10
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